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. 622 particles show good .
morphology, crystallinity and bimodal
distribution. .

Similar capacity loss after 30 days

Full capacity gain on all cells occurred after 30

days
Both meet EV requirement <1%/month
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Cost Analysis- Input Battery

Parameters
Recycle
Throughput A tonne/yr 2,444
NMC(111) % 75%
LMO % 25%
NMC(111) %
Select Chemistry %
Select Chemistry %
Geographic location U.S.
Include recycling of manufacturing scrap Yes
Include recycling of rejected cells Yes
Cathode Production

Cathode chemistry NMC(622)
Throughput 1tonne/yr r 1,000
Geographic location U.S.

 The plantis to recycle 2,444 tons of spent
lithium ion batteries per year

* |nput materials are spent lithium ion batteries
with 75% NMC111 and 25% LMO.

Output material is NMC622.

Plant Detalils

1.2 Plant information

Selected Default

Hours per day 24 24|
Actual Processing hours per day 20 20|
Days per year 320 320|
Plant life (yr) 10 10|
Plant capacity (tonne peryr) 2,444 2,444 |
Throughput (tonne per year) ; 1,000 1,000

Process classification Continuous |

 The plant is open 24hrs a day with 20hrs of run
time.
* The plant will run 320 days per year.

The plant life for equipment depreciation is set to
be 10 years.

Total Cost of the Recycling Plant

Pyrometallurgical \ypi process Virgin Material

Process

|. Manufacturing Cost, S/year $46,260,238  $20,175,804 #N/A 26,312,017
A. Direct Product Costs $39,407,730 $13,323,29¢ { #N/A $19,459,509
Raw Materials (10-507 of total product cost) 10 10 102 10%
$34,235,639 $8,441,032" #NJA $14,509,065
Operating labor (10-207 of total product cost) 15% 15% 15% 15%
$2,189,940 $2,189,940 $2,189,%40 $2,189,940
Direct supervisory and clerical labor (10-25% of operating |z 1% YA 1% 15%

157
$503,419
5%

157
$503,419
5%

15%
5503,41%
9%

157
$503,419
5%

Utilities (10-207 of total product cost)

Maintenance and Repairs (2-107 of fised capital investmer

Operating supplies (10-20% of cost of maintenance and re| 1% 1B% 5% 1B%
$184,044 $184,044 $184,044 $184,044
Laboratory charges (10-20% of operating labor) 10% 10% 10% 10%
$218,994 $218,994 $218,994 $218,994
Patents and royalties (062 of total product cost) |74 |74 ™ 1

B. Fixed Charges 54,979,814 54,979,814 54975314 54,979,814
Depreciation (107 of fised capital investment and 2-37 of t 10% 10 10% 10%
$2,398,999 $2,398,999 $2,398,999 $2,398,999

Localtaxes (1-4% of fixed capital investment) 4 4% 4% 4%
$981,566 $981,566 $981,566 $981,566.37

Insurance (0.4-17 of fived capital investment) 17 1 | 74 1
$122,696 $122,696 $122,696 $122,695.80

Rent (8-12% of value of rented land and buildings) e 5% S 5%
$113,266 $113,266 $113,266 $113,266.00

Financing (interest) (0-1024 of total capital investment) o% o% Tr 5%
$1,363,287 $1,363,287 $1,363,287 $1,363,286.62

C. Plant Overhead Costs (50-70%) of operating labor, supel 50% 50% S0% S0%

| s1gmem4 S18T26%4  S1872634 1872694
$5,764,258
15%

53,547,789
157

$2 865988
15%

Il. General Expenses, S/year = administrat #N/A

A. Administrative costs [15% of costs of operating labor, 5L 157

B. Distribution and selling costs (2-20% of total product co 6% 6% 6% 6%

£
o~

C. R&D costs (2-5% of every sales dollar or 5% of total prod 4% 47 S%

lIl. Total Product Cost, S/year = Manufactt ~ $52,024,496 523,041,792 ’ #N/A 529,859,806

Profit (5% of capital investment) 5% YA o% o
Profit, S/year $1,363,287 $1,363,287 $1,363,287 $1,363,287
Total Product Cost w/Profit $53,387,783 $24,405,079 r #N/A $31,223,093
Total Product Cost to Recipient, $tkg §51.88 $24,405.08 { #N/A $31,223.09

The cost is based on Argonne EverBatt model.
$23M for WPI process, $29.8M for virgin cathode
manufacturing and $52M for pyrometallurgical
process.

Responses to Previous Year
Reviewers’ Comments

Comment 1:The reviewer believed the idea is to collect Li-ion cells and,
independent of the chemistry, collect the internal material and convert it to
NMC622. This is a reasonable team where A123 will make and test cells,
Battery Resourcers will collect the Ni-based cathode, and then Worcester
Polytechnic Institute will determine how to make fresh NMC622 from the
material. The goal of the project is to make an NMC622 that is cheaper
than starting from scratch. The team needs to perform the cost analysis.
Response: A detailed cost analysis has been conducted and is included in
this poster.

Comment 2: It appeared to the reviewer that the team is using a relatively
well known and understood cathode manufacturing processes. The
technical accomplishment is not clear. Where is the value in this work?
Response: The value of this work is to convert spent lithium ion batteries
with different chemistry to NMC622. Although cathode manufacturing is
well known, recovering high quality NMC622 from spent lithium ion
batteries is not trivial. Some technical accomplishments include 1. impurity
removal, 2. synthesis of NMC6622 precursor with complex systems

Comment 3: It is important to build a cost model to show the economic
benefits. Moving to NMC811 is also right direction. The reviewer also
suggested performing an assessment on the nature of resource savings, like
how much Co and Li are reused in the batteries.

Response: A cost model has been developed. In our process, over 80% Co,
and Li are reused in the batteries.

Collaboration and Partners
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SYSTEMS
[;\,-r} NEW Disassemble EV battery packs

Evaluate cells fabricated with
recycled materials

Argonne‘)

NATIONAL LABORATORY

Provide battery
packs

Go Further

Proposed Future Work

A phase lll program has been awarded to
further develop the recycling technology.

* The overall objective of phase lll program is:
1) to lower the cathode cost by >30% through
adding >80% recycled materials for metal sulfate
solution (<20% virgin materials);

2) to develop LiNixMnyCozAlaO2 (x>0.8)

from the spent EV batteries;

3) to improve the performance of the recovered
NMC622 (mainly solve the gas generation and
cycle life) in order to be comparable with

commercial material.

T ETTS Description Source Material Qty Recipient Delivery Date
Deliverable

Spent batteries 50-75 A123 M10

Coin cells (NMC622)

Coin cells (NMCA) Commercial control 100 A123 M15
Coin cells (NMCA) Spent batteries 100-200 A123 M15
Prismatic 1Ah cells Spent batteries 12 USABC M12
(NMC622)
Prismatic 1Ah cells Spent batteries 8 A123 M12
(NMC622)
Prismatic 1Ah cells Commercial control 12 USABC M18
(NMCA)
Prismatic 1Ah cells Commercial control 8 A123 M18
(NMCA)
Prismatic 1Ah cells Spent batteries 12 USABC M18
(NMCA)
Prismatic 1Ah cells Spent batteries 8 A123 M18
(NMCA)
EV cells Prismatic 10Ah cells Commercial control 12 USABC M33
(NMCA)
EV cells Prismatic 10Ah cells Commercial control 8 Al123 M33
(NMCA)
EV cells Prismatic 10Ah cells Spent batteries 12 USABC M33
(NMCA)
EV cells Prismatic 10Ah cells Spent batteries 8 A123 M33
(NMCA)

Cell Deliverables in Phase Ill Program

Summary

Battery Resoucers Cost Model vs
EverBatt Model

BR $18.34/kg $22.52 $23.0 $29.86
(75NMC111/25LMO)

SG&A removed $20.04 $26.2
NMC622 input $17.27 $15.88

NMCI111 input $17.97 $16.52

 Both models are consistent.
* Recycling will lower the cathode cost
« Scaling will lower the cathode cost.

2021 DOE Annual Merit Review
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*The recycled powder shows good morphology,
crystallinity and particle size distribution.

*Recovered NMC622 shows similar capacity as
the commercial NMC622 powder

*10 Ah cells with recovered NMC622 show
similar properties with the control powder
except for the cycle life, which will be
addressed in phase lll program

*Cost model shows the economical feasibility of
the WPI recycling technology

*Scaling will lower the cathode cost



